The Small Magellanic Cloud (SMC) provides a unique laboratory for the study of the lifecycle of dust given its low metallicity (∼1/5 solar) and relative proximity (∼60 kpc). This motivated the SAGE-SMC (Surveying the Agents of Galaxy Evolution in the Tidally-Stripped, Low Metallicity Small Magellanic Cloud) Spitzer Legacy program with the specific goals of studying the amount and type of dust in the present interstellar medium, the sources of dust in the winds of evolved stars, and how much dust is consumed in star formation. This program mapped the full SMC (30 ⊓ ⊔
INTRODUCTION
The interstellar medium (ISM) plays a central role in galaxy evolution as the birthsite of new stars and repository of old stellar ejecta. The formation of new stars slowly consumes the ISM, locking it up for millions to billions of years. As these stars age, the winds from low mass, asymptotic giant branch (AGB) stars, high mass, red supergiants (RSGs)/Wolf Rayet stars/Luminous Blue Variables (LBVs), and supernova explosions inject nucleosynthetic products of stellar interiors into the ISM, slowly increasing its metallicity. This constant recycling and associated enrichment drives the evolution of a galaxy's visible matter and changes its emission characteristics. To understand this recycling, we have to study the physical processes of the ISM, the formation of new stars, and the injection of mass by evolved stars, and their relationships on a galaxy-wide scale.
Among the nearby galaxies, the Small Magellanic Cloud (SMC) represents a unique astrophysical laboratory for studies of the lifecycle of the ISM, because of its proximity (∼60 kpc, Hilditch et al. 2005) , low ISM metallicity (1/5-1/8 Z ⊙ , Russell & Dopita 1992; Rolleston et al. 1999 Rolleston et al. , 2003 Lee et al. 2005 ) and history of disruption by tidal interaction (Zaritsky et al. 2000) . The SMC offers a rare glimpse into the physical processes in an environment with a metallicity which is below the threshold of 1/4-1/3 Z ⊙ where the properties of the ISM in galaxies changes significantly as traced by the rapid reduction in the aromatic emission/polycyclic aromatic hydrocarbon (PAH) dust mass fractions and dustto-gas ratios (Engelbracht et al. 2005; Draine et al. 2007; Sandstrom et al. 2010 ). In addition, the SMC is the only local galaxy which has the ultraviolet dust characteristics (lack of 2175Å extinction bump, Gordon et al. 2003 ) of starburst galaxies in the local (Calzetti et al. 1994; Gordon et al. 1997 ) and high-redshift (2 < z < 4, Vijh et al. 2003) universe. The evolution of stars in the SMC is also clearly affected by their low metallicities (Cioni et al. 2006; Marigo et al. 2008) with the corresponding expected differences in stellar mass loss (van Loon et al. 2008) . The Large and Small Magellanic Clouds represent the nearest example of tidally interacting galaxies and the Magellanic Bridge is a clear manifestation of a close encounter of these two galaxies some 200 Myr ago Harris 2007) . Over cosmological timescales, galaxy interactions are one of the key drivers of galaxy evolution and, thus, tidally interacting galaxies allow us to examine star formation in an unusual and disturbed environment, which resembles the conditions in the early universe when galaxies were forming. The Magellanic Bridge is a filament of neutral hydrogen, which joins the SMC and LMC over some 15 kpc (McGee & Newton 1986; Staveley-Smith et al. 1998; Muller et al. 2003) . Recent studies have revealed the presence of young (<200 Myrs) massive stars (Harris 2007 ) associated with the highest-density portion of the Bridge directly adjacent to the SMC main body. Given the relative youth of these stars, they are highly likely tory of Japan, 2-21-1 Osawa, Mitaka, Tokyo 181-8588, Japan 32 Institut d'Astrophysique de Paris, 98 bis, Boulevard Arago, Paris 75014, France to have been formed in situ making this structure a tidal tail from the SMC.
The SAGE-SMC (Surveying the Agents of Galaxy Evolution in the Tidally-Stripped, Low Metallicity Small Magellanic Cloud) program is a Spitzer cycle 4 Legacy (285 hours, PI: K. Gordon, PID: 40245) to map the full SMC (30 ⊓ ⊔
• ) including the Body, Wing, and Tail using the Infrared Array Camera (IRAC, Fazio et al. 2004) and Multiband Imaging Photometer for Spitzer (MIPS, Rieke et al. 2004 ) instruments on the Spitzer Space Telescope (Werner et al. 2004 ). The SAGE-SMC program builds on the pathfinder S 3 MC program (Bolatto et al. 2007 ) that surveyed the inner ∼3 ⊓ ⊔
• of this galaxy. The SAGE-SMC observations allow us to trace the life cycle of dust (and thereby gas) on a galaxy wide scale from their injection by late-type stars, through their sojourn in the violent ISM, until their involvement in the formation of stars. In addition, the infrared (IR) emission traces the global structure of the ISM on a galaxy-wide scale and the interrelationship of the various phases of the ISM. This survey provides a complete census of the massive star formation population in this low and spatially varying metallicity environment. With much improved wavelength coverage, up to ∼1000 times better point source sensitivity and ∼13 times better angular resolution than the Midcourse Space Experiment (MSX) and Infrared Astronomical Satellite (IRAS) surveys, SAGE-SMC significantly improves our understanding of this important galaxy.
Combining the results from this SMC survey with the existing LMC (SAGE-LMC, Meixner et al. 2006) and Milky Way (GLIMPSE, MIPSGAL, Churchwell et al. 2009; Carey et al. 2009 ) surveys provides a foundation for understanding the physics of the ISM, current star formation, and evolved-star mass loss as a function of metallicity. This foundation is crucial for interpreting the observations of more distant galaxies like those in the SINGS (Kennicutt et al. 2003) , SWIRE (Lonsdale et al. 2003) , and GOODS (Dickinson et al. 2003 ) Spitzer Legacy programs. The SAGE-SMC survey provides a crucial link in our understanding of galaxies during low metallicity, chemically-primitive stages.
This paper presents the overview of the SAGE-SMC Legacy program including the science motivation, observation details, data reduction, point source catalog creation, and publicly available data products. In addition, results from all three areas (interstellar medium, star formation, and stellar mass loss) of scientific interest of the SAGE-SMC team are presented.
DATA
A uniform, unbiased survey of the whole SMC (∼30 ⊓ ⊔
• ) including the Bar, Wing, and Tail ( Fig. 1) , in all the IRAC (3.6, 4.5, 5.8 and 8 µm) and MIPS (24, 70 and 160 µm) (Gaustad et al. 2001) , IRAS 60 µm (Schwering & Israel 1989) , HI (Stanimirović et al. 2000; Muller et al. 2003 ), ultraviolet (FUVCAM, Gordon et al. 1994 , for camera details), NIR stellar density (Skrutskie et al. 2006) , and optical stellar density (Zaritsky et al. 2000; Harris 2007 ). These images are centered at (ra, dec) = (23.
• 09, -72.
• 61) and are 12 • by 8 • in size. The Milky Way globular cluster 47 Tuc is clearly seen on the NIR stellar density image. The S 3 MC survey region where both IRAC and MIPS observations exist is shown superimposed on the IRAS 60 µm image. The SAGE-SMC coverage in MIPS and IRAC is shown overlaid on the HI and UV images, respectively.
SAGE-SMC provides an improvement in resolution that ranges from a factor of 9 at 8 µm to 13 at 70 µm to 3 at 160 µm. The SAGE-SMC 5σ point source sensitivities, based on completeness of the point source catalogs, are 0.045, 0.028, 0.12 and 0.10 mJy in the IRAC 3.6, 4.5, 5.8 and 8 µm bands, respectively ( §2.2.4), and 0.7, 25 and 200 mJy in the MIPS 24, 70 and 160 µm bands, respectively ( §2.3.1). The 5σ diffuse emission sensitivities are ∼0.1, 0.3, 2.5, and 4 MJy/sr at IRAC 8.0, MIPS 24, MIPS 70, and MIPS 160 µm, respectively.
Observations
The SAGE-SMC observations were taken with 1.1
• × 1.1
• degree tiles of IRAC High Dynamic Range (HDR) exposures, and MIPS fast scans with varying scan leg lengths. To minimize artifacts that limit sensitivity, we mapped at two epochs, separated by ∼3 (IRAC) and ∼9 (MIPS) months, which provides a ∼90
• roll angle difference. This mapping strategy maximizes observing efficiency while minimizing artifacts that compromise data quality. The IRAC and MIPS artifacts fall in two classes: random effects (e.g. cosmic rays, bad pixels) and systematic effects that are tied to pixel location and usually systematically affect rows/columns. IRAC systematic effects include: saturation latents, scattered light, MUX bleed, banding, and column pulldown (Hora et al. 2004) . MIPS systematic effects include: jailbars, pickoff mirror spots, latent images, and scattered light at 24 µm (Engelbracht et al. 2007) , streaking due to saturation latents and time-dependent responsivity drifts at 70 & 160 µm (Gordon et al. 2007) , and insufficient 160 µm coverage in fast scan mode. Clean removal of random effects requires at least 4 overlapping measurements. Systematic effects are optimally removed by combining im- ages taken with a ∼90
• roll angle difference. This type of strategy is recommended by the Spitzer Science Center (SSC) and the IRAC and MIPS instrument teams and has been proven to be very successful in the SAGE-LMC data analysis (Meixner et al. 2006) . To achieve the above goals, four 12s IRAC HDR exposures were taken in pairs at two different epochs. Each HDR exposure consists of both a 12s and 0.6s exposures and after accounting for deadtime the total effective exposure time per pixel is 41.6 s. A tile size of 1.1
• was executed in mapping mode using 120 pixel steps between rows and 240 pixel steps between columns. Steps were done instead of dithers to minimize the time required to cover the whole area, and to ensure no gaps occurred in the region being mapped. Each IRAC Astronomical Observing Request (AOR) consists of a 14×28 map of 12s HDR frames. Two AORs overlap at each position, resulting in coverage of at least four 12s HDR frames. Each MIPS AOR consists of 8-16 fast scan legs that are 2
• -5
• long with 1/2 array cross scan steps. The SMC was observed with an optimized grid of these AORs. Tight sequential constraints relative to the roll angle rate of change were used so that neighboring long strips had sufficient overlap. We carefully designed our MIPS strategy to ensure off-source measurements in every scan leg which allows for accurate self-calibration of the instrumental effects. While MIPS fast scan mode does not achieve full coverage at 160 µm, the SAGE-LMC observations have shown that the use of the two sets of observations with one set rotated ∼90
• from the other produces a mostly filled 160 µm map (Meixner et al. 2006 ). The exposure times per pixel are 60s, 30s, and ∼9s at 24, 70, and 160 µm, respectively.
The IRAC and MIPS observation dates and details are given in Table 1 . The details of the S 3 MC observations are given by Bolatto et al. (2007) and included in Table 1 for completeness.
IRAC
The SAGE-SMC IRAC data were processed with the Wisconsin pipeline that also was used for the SAGE-LMC IRAC data (Meixner et al. 2006) . The pipeline starts with flux calibrated IRAC frames (Reach et al. 2005) provided by the Spitzer Science Center (SSC). These were processed with SSC pipeline version S14.0 (S 3 MC, epoch 0), S18.0.2 (epoch 1) and S18.1 (epoch 2). The Wisconsin pipeline removes or corrects for image artifacts like cosmic rays, stray light, column pulldown, banding, bad or missing pixels (Hora et al. 2004) ; does point source extraction and bandmerging across multiple observations and wavelengths; and mosaics the images. During the band-merging process, the source lists are merged with a combined All-Sky 2MASS (Skrutskie et al. 2006 ) and 6X2MASS point source list (Cutri et al. 2008) The pipeline produces two kinds of source lists: a highly reliable Catalog and a more complete Archive. Source lists are made for each epoch of data from photometry on individual frames. Source lists are also made from mosaic images for which all epochs have been combined. These combine single frame photometry at the bright end with mosaic photometry at the faint. Enhanced images (with corrections for scattering light and image artifacts) and residual images (point sources removed) of all epochs of data combined are also produced. Information more detailed than is given in this paper about the processing and data products can be found in the SAGE-SMC Data Description Delivery 3 document (hereafter DDD3) 33 .
Mosaic Images
Both SAGE-SMC epochs of data and the S 3 MC data were combined to produce the mosaic images. The images are mosaicked using the Montage 34 package (v3.0), and are projected to equatorial coordinates. The mosaic images conserve the surface brightness from the original images; the units are MJy/sr. We matched instrumental background variations between the images using Montage's level background correction algorithm. The background-matching process introduced an artificial gradient in the mosaic images which was removed by comparing the large-scale background variations to the original images.
Residual images (images with point sources removed) were produced by running DAOPHOT (Stetson 1987) on the 12 second frame-time BCD frames. Note that we repeat the photometry calculations on the residual, BCD images (referred to as "tweaking"), which has been shown to substantially improve the flux estimates in complex background regions. The residual mosaics are created from individual frame residual images. Thus, if a source is extracted in some but not all frames it will show up in these images as a source (although its brightness will be reduced because it is being averaged with images where the source was extracted). Sources may not be extracted for a variety of reasons, mainly due to cosmic ray contamination, saturation/non-linearity limits and along the frame edges.
Point Source Lists
There are two SAGE-SMC IRAC point source lists created named Catalog and Archive. The Catalog contains only the highly reliable sources while the Archive is a more complete list both in number of sources and flux measurements at each wavelength (less nulling of fluxes). The main differences between the Catalog and Archive are 1) fluxes brighter than a threshold that marks a nonlinear regime are nulled (removed) in the Catalog; 2) sources within 2 ′′ of another are culled (removed) from the Catalog, whereas the Archive allows sources as close as 0.
′′ 5 from another; 3) sources within the PSF profile of a saturated source are culled from the Catalog but not the Archive; and 4) the Catalog has higher signal-to-noise thresholds and slightly more stringent acceptance criteria. Table 2 lists the faint and bright limits and numbers of sources in the various SAGE-SMC IRAC source lists.
The single frame photometry source list fluxes were extracted from the IRAC frames using a modified version of DAOPHOT to perform the PSF fitting. The point source lists are merged at two stages using a modified version of the SSC bandmerger: first a merge of all detections at a single wavelength and different observation times; and then a merge of all wavelengths at a given position on the sky. Stringent selection criteria are then applied to each source to ensure that the delivered lists 33 http://data.spitzer.caltech.edu/popular/sage-smc/ 34 http://montage.ipac.caltech.edu/ contain only legitimate astronomical sources with highquality fluxes. The point source extraction, bandmerging steps, and catalog source selection criteria are described in much more detail in the DDD3 document. The Single Frame + Mosaic Photometry (SMP) Catalog and Archive are a combination of mosaic photometry and the single frame photometry Epoch 0+1+2 source lists. The single-frame photometry produces more accurate fluxes at the bright end due to its well-defined pointspread-function. Epoch 0+1+2 source lists were derived from doing photometry on individual IRAC frames, then doing an error-weighted average of those results for each band. The mosaic photometry is done on the 12 second frametime mosaiced images (mosaics of combined Epoch 0+1+2) which have been cleaned of most of the instrument artifacts, including cosmic rays (CRs) (which are abundant in the single frames). The mosaic photometry and catalog generation are described in a SAGE-LMC document 35 and will also be described in a forthcoming SAGE-SMC data delivery document. Figure 3 shows the photometric uncertainty for the SAGE-SMC SMP Archive. There is a jump in uncertainties at the brighter magnitudes, e.g. 9.5 at 3.6 µm, which shows the boundary between the 0.6 and 12 second photometry (with the shorter exposure having larger errors). In addition, there is a discontinuity in the uncertainties at the magnitude where the photometry transitions between single-frame to mosaic. We choose to use the mosaic photometry results over the single-frame photometry (when applicable) to avoid the known problem of Malmquist bias in our single-frame photometry as our single-frame photometry approaches it's faint limit whereby the single-frame photometry is known to become progressively too bright. We believe these mosaic photometry values are more reliable (although with somewhat larger uncertainties) than the single-frame photometry results
Precision and Accuracy of the Photometry
To ensure that our photometric calibration is uniform across the large area observed by SAGE-SMC, and between different AORs, epochs, and wavelengths, we compared our photometry to a network of absolute stellar calibrators custom-built for SAGE-SMC. These are 53 A0-A5V or K0-M2III stars selected from SIMBAD; their surface density within the SAGE SMC area is approximately 3 stars/⊓ ⊔ • , uniformly distributed across the SMC. The predicted fluxes of the calibrators are tied to the MSX absolute calibration which has an accuracy of ±1.1% (Price et al. 2004 ). The method employed to produce the SAGE-SMC network of calibrators is identical to that used to create the suite of standards at the North Ecliptic Pole (Cohen et al. 2003 ) from which the IRAC primary calibrators were selected (Reach et al. 2005) .
The agreement between the SAGE-SMC magnitudes and those predicted from the calibration stars is excellent (plots can be found in the DDD3 document, §3.5.2), with differences between the two much smaller than the onesigma errors of our photometry. The ensemble averaged differences and standard deviations in the four IRAC bands between SAGE-SMC and the predicted magnitudes are 0.010±0.062, 0.024±0.060, -0.002±0.060, -0.018±0.052, for bands [3.6] as part of the SAGE-SMC project. The SAGE-SMC epoch 0 IRAC photometry of point sources showed systematic offsets when compared to the S 3 MC catalog (Bolatto et al. 2007 ) in the [5.8] and [8.0] bands (∼0.2 mag; see §3.5.4 of the DDD3). The S 3 MC region contains 6 of the 53 primary flux calibrators described in the previous section and the SAGE-SMC epoch 0 archive magnitudes of the 6 calibrators shows agreement to within the formal photometric errors. This comparison suggests that the Wisconsin IRAC pipeline processing produces no systematic offsets from magnitudes predicted by the flux calibrators (at least down to 11th magnitude, the faintest calibrators). The origin of the differences is not specifically known, but it is suspected to be somewhere in the mosaicking and photometry stage of the S 3 MC processing. The consistency of the SAGE-SMC IRAC photometry was checked by comparing photometry of sources found in the SAGE-SMC epoch 0 and epoch 1 catalogs. There is no offset and the degree of scatter, especially at the brighter magnitudes, is likely due to true variables in these two data sets (see §3.5.4 of the DDD3). Since the SAGE-SMC data agree well with the SAGE-SMC flux calibrators, we conclude that the Wisconsin processing of the S 3 MC data is well calibrated.
Completeness
In Figure 4 we compare the number counts per magnitude bin of sources in the epoch 1 Archive, the epoch .0 and 14.5, respectively. These sourcelists are more complete due to cosmic ray removal from the mosaic images before source extraction, and the lower noise from the mosaic images.
MIPS
The MIPS data were processed with the MIPS Data Reduction Tool (DAT, Gordon et al. 2005 ) and customized post-processing scripts. This processing was similar to that done for the SAGE-LMC data (Meixner et al. 2006) , with some updates that have also been applied to the final SAGE-LMC data deliveries. At 24 µm, the custom post-processing steps (for each AOR) included masking of bright source latents, a 2nd scan mirror independent flat field, background subtraction (mainly removing the variable zodiacal light), correction of piecewise jailbars produced by bright saturating sources, matching the levels between adjacent images (when offsets were found to be above the noise), and correcting for scan mirror position dependent scattered light. The custom post-processing steps at 70 µm are the removal of the instrumental baseline variations and correction for the flux dependent non-linearities. The instrumental baseline variations are removed by subtracting a low order polynomial fit as a function of observation time to the data taken outside of the SMC. This step is only possible as the observations were designed such that each scan leg included measurements beyond the SMC. The flux dependent non-linearities were removed using a correction determined from the 70 µm calibration stars (Gordon et al. 2007) , specifically a comparison of the observed surface brightnesses to those predicted from the fitted PSF. At 160 µm, the custom post-processing steps were to remove cosmic rays using a spatial filter and interpolate over the few, single pixel sized holes in the final combined epoch coverage. The SAGE-SMC mosaics created from the combined S 3 MC (corrected, see §A) and SAGE-SMC observations are shown in Fig. 2. 
Point Source Catalogs
Point source catalogs were created for all three MIPS bands using the PSF-fitting program StarFinder (Diolaiti et al. 2000) using model PSFs validated as part of the MIPS calibration effort (Engelbracht et al. 2007; Gordon et al. 2007; Stansberry et al. 2007 ). The StarFinder photometry package is optimized for images with well sampled PSFs such as that of 3 MIPS bands. A different photometry package optimized for undersampled images was used for IRAC. The construction of the catalogs is described below and summarized in Table 3 . The flux and magnitude limits are for regions with the least confusion either due to source crowding or complex backgrounds.
At 24 µm, the catalogs were created from the individual AOR mosaics and the individual AOR point source catalogs were merged to create the "full" catalog. Only sources with StarFinder correlation thresholds above 0.80 and ≥ 2σ were included in the "full" catalog. The StarFinder correlation parameter quantifies how close each source is to the input PSF where a value of 1 is a perfect match. The 2σ cut was done using the uncertainty image created during the mosaicking of the individual images. The goal of the "full" catalog is to produce as complete a catalog as possible to the faintest levels. The "full" catalog contains sources known to be false. A "high-reliability" catalog is created from the "full" catalog by removing all sources with a StarFinder correlation <0.89, sources with signal-to-noise < 5σ, and sources with a StarFinder correlation <0.91 in regions where the background is highly structured (background standard deviation greater than 0.25). These cuts were determined by extensive visual testing of the AOR catalogs against the AOR mosaics. This removes most false sources, but at the expense of removing real sources as well. The cut at a StarFinder correlation of 0.89 removed most of the sources with the other two cuts removing many fewer sources. Catalogs were produced for all the epochs at MIPS 24 µm. The flux histograms for both epoch 1 catalogs and the flux versus signal-to-noise plot are shown in Fig. 5 .
At 70 and 160 µm, the point source catalogs are created from the combined mosaics. This is required due to the need to suppress residual instrumental artifacts present in the single epoch mosaics (mainly at 70 µm) and have sufficient coverage (mainly at 160 µm). The 70 and 160 µm "full" and "high-reliability" catalogs were generated using StarFinder with the same settings as for 24 µm. The flux histograms for these catalogs and the flux versus signal-to-noise plots are shown in Fig. 5 .
We compared the 24 µm and 70 µm fluxes we measured using the S 3 MC observations (i.e., epoch 0) versus those presented by Bolatto et al. (2007) measured from the same data. Out of the 16130 (1762) sources from Bolatto et al. (2007) that have 24 (70 µm) fluxes, we find matches in our epoch 0 full catalog for 9878 (265) sources within 4 ′′ (20 ′′ ). The ratio of fluxes between the S 3 MC/SAGE-SMC measurements are 1.015±0.0017 and 0.913 ± 0.025 for 24 and 70 µm, respectively. The difference at 24 µm is due to updated processing and calibration factor after after the S 3 MC catalog was created (Engelbracht et al. 2007) . The difference at 70 µm is due to a combination of uncorrected 70 µm nonlinearities in the S 3 MC catalog and the 11% change in the 70 µm calibration factor after the S 3 MC catalog was created (Gordon et al. 2007 ).
Legacy Data Products
One component of a Spitzer Legacy project is to provide a legacy to the entire community. The first step is the SAGE-SMC raw and SSC pipeline reduced data have no proprietary period. Thus, these data are available to the community and SAGE-SMC team at the same time. The next step is to provide higher level data products to the community. For the SAGE-SMC project, these higher level data products are the point source catalogs and mosaicked images of the entire SMC. These higher level products are available through the Spitzer Science Center and IRSA Archive. We expect these products to be useful for a number of different science topics as well as followup observations (e.g., from the ground, the Herschel Space Observatory, the James Webb Space Telescope, etc.). The SAGE-SMC processed version of the S 3 MC data (catalogs and mosaics) are included in the SAGE-SMC deliveries.
RESULTS
3.1. Nomenclature The multiwavelength appearance of the SMC (Fig. 1) clearly shows this galaxy is made of three main components: the Bar, Wing, and high-density portion of the Magellanic Bridge that we refer to as the Tail. The nomenclature for parts of the SMC has varied somewhat in the literature. In order to be clear, we give the definitions we use and how they relate to past definitions.
The regions are defined pictorially in Fig. 2 (Muller et al. 2003) . Previous definitions of the SMC Wing have also included all of the Tail. Our specific definitions of the Wing and Tail are motivated as the two regions display significantly different characteristics. The SMC Wing includes large well known H II regions (e.g., NGC 602), high density H I (Fig. 1) , and old stars. The SMC Tail has some young stars (Harris 2007 ) and embedded star formation regions (Gordon et al. 2009 ), but no old stars and fairly low H I column densities. In fact, the SMC Tail has the characteristics of a tidal tail, which has been recently pulled out of the main SMC body. The tidal nature of the SMC Tail is supported by the fact that it has the same metallicity (Rolleston et al. 2003; Lee et al. 2005 ) and gas-to-dust ratio (Gordon et al. 2009 ) as the SMC Body.
Global Infrared SED
The total fluxes in the IRAC and MIPS bands were measured using circular apertures visually centered on the SMC with a radius of 2.25
• and a background annulus from 2.3
• to 2.5
• . The IRAC absolute calibration uncertainties are taken as 5% which is larger than the point source uncertainty of ∼2% (Reach et al. 2005) as the IRAC scattered light behavior makes the extended source calibration less accurate. The MIPS absolute uncertainties are 4% (Engelbracht et al. 2007 ), 5% (Gordon et al. 2007) , and 12% (Stansberry et al. 2007 ) for the MIPS 24, 70, and 160 µm, respectively. The new IRAC and MIPS fluxes as well as previous IR measurements of the total SMC emission are tabulated in Table 4 . An even more extensive table of existing global SMC measurements is given by Israel et al. (2010) . Our IRAC and MIPS measurements are consistent with previous measurements including the MIPS global measurements by Leroy et al. (2007) .
The infrared colors of the SMC are compared to those seen in the SINGS sample of galaxies (Dale et al. 2007) in Fig. 6 . The location of the LMC is also shown in References. -(1) this work; (2) Wilke et al. (2004) ; (3) color-corrected Stanimirović et al. (2000) ; (4) Aguirre et al. (2003) this plot (Bernard et al. 2008) . The location of the SMC in this color-color plot indicates that it has somewhat warmer dust (higher 70/160 ratio) and lower aromatic/very hot dust emission (8/24 ratio) than the average SINGS galaxy and the LMC. Overall the SMC (and LMC) lie solidly in the middle of the SINGS galaxies IR colors. This shows that the Magellanic Clouds are reasonable representations of the average properties of more distant galaxies in the IR. Thus, they provide excellent places to study at high physical resolution the details of the interestellar medium, star formation, and stellar populations and how they relate to the global properties a galaxy. This is well illustrated by the recent Lawton et al. (2010) work that studied the large scale star formation properties of regions in both Clouds. They determined that the optimal monochromatic IR obscured star formation rate indicator for physical scales larger than 10 pc is the MIPS 70 µm band and that the average size of star forming regions is ∼300 pc. While using the Magellanic Clouds to understand more distant galaxies is not new, our finding firmly establishes this can be done in the IR.
Interstellar Medium
The SMC presents a distinct mix of ISM components different from that found in the Milky Way (MW) and LMC. For example, the molecular phase in the MW dominates the inner disk and atomic gas dominates elsewhere, while the diffuse ISM only has ∼15% of the gas mass. In contrast, in the SMC, the ionized ISM dominates, then the atomic gas and, finally, the molecular ISM which is relatively confined and lower in mass (Leroy et al. 2007 ). The differences seen in the SMC are likely related to its low metallicity at around 1/5 Z ⊙ (Bar/Wing, Russell & Dopita 1992) . Observations with ISO (Madden et al. 2006) and Spitzer (Engelbracht et al. 2005 (Engelbracht et al. , 2008 Gordon et al. 2008) have revealed that the ISM in low-metallicity environments has weak/absent aromatic emission. The aromatic emission is usually attributed to PAH molecules/grains and the absence of PAHs has a profound influence on the gas heating and the existence of cold/warm phases in the ISM (Wolfire et al. 1995) . In particular, variations in the small grain properties, as traced by the aromatic emission, are of fundamental importance to the ISM thermodynamics since these grains are efficient in heating the gas through the photoelectric effect (Bakes & Tielens 1994; van Loon et al. 2010) .
Previous observations in the SMC have shown large variations in dust properties: dust in the Bar has very weak aromatic features and has UV extinction with a steep UV rise and no 2175Å bump, while the dust in the Wing shows MW-like UV extinction and aromatic features (Gordon & Clayton 1998; Li & Draine 2002; Gordon et al. 2003; Bolatto et al. 2007; Sandstrom et al. 2010) . Additionally, the gas-to-dust ratio has been seen to vary spatially across the SMC by a factor of a few Bot et al. 2004; Leroy et al. 2007 ). Understanding how the dust varies in detail across the SMC is crucial to increasing our understanding of dust in general and for galaxy evolution and star formation as SMC dust is often used as a template for dust in starburst and high-redshift galaxies (Pei et al. 1999) .
The far-infrared 70 & 160 µm observations trace the dust column density and, combined with the interferometric HI (Muller et al. 2003; Stanimirović et al. 2004) and CO (Mizuno et al. 2001 (Mizuno et al. , 2006 observations, measures the gas-to-dust variations across the whole SMC. Preliminary results from SAGE-SMC observations in the SMC Tail find a gas-to-dust ratio that is consistent with that found in the rest of the SMC (Gordon et al. 2009 ). This confirms that the SMC Tail is a tidal feature consisting of SMC ISM and the discovery of YSOs confirms star formation in situ (Chen et al., in prep.) .
The integrated infrared SED of the SMC is plotted Fig. 7 . The global SED was fit with a model equivalent to that used by Draine et al. (2007) . The best fit model was for Milky Way dust with R(V ) = 3.1, a PAH mass fraction of 1.22%, a f(PDR) = 0.25, and U values (radiation field density normalized to the MW value) from 0.1-10 3 . This model puts the SMC in the set of galaxies with low PAH abundances (see Fig. 20 of Draine et al. 2007 ) which is not surprising given the SMC's low metallicity [12+log(O/H) ∼ 8.0 and, thus, high radiation field hardness (Gordon et al. 2008 ). The dust mass implied by this fit is very high, M (dust) = 2.1 × 10 6 M ⊙ , due to the inclusion of the submm data points in the fit. The implications of the submm data in such fits of the SMC and alternatives to large dust masses have been discussed at length by Bot et al. (2010) and Planck Collaboration et al. (2011) .
The SMC dust properties are explored spatially in detail in the companion SAGE-SMC ISM paper (Bot et al. 2011, in prep.) .
Evolved Stars
Heavy mass loss during the AGB and RSG phases, and for more massive stars during the Wolf-Rayet and LBV phases, leads to the formation of circumstellar envelopes that are observable via their dust emission at 8 µm and longer. The SMC has significant metallicity and age variations in the evolved star population over its full field of view Cioni et al. 2006) . The SAGE-SMC survey is sensitive to all dust mass-losing evolved stars (mass-loss rates > 10 −8 M ⊙ yr −1 ) across the entire SMC.
Stellar mass loss can drive the late stages of stellar evolution, yet the mechanism for mass loss remains poorly understood. The SAGE-SMC survey quantifies the mass-loss rates by detecting excess emission at 8 and 24 µm. SAGE-SMC has detected numerous lower luminosity AGB stars, the IR bright stars at the tip of the AGB (both C-rich and O-rich), the "extreme" or obscured AGB stars with prodigious massloss (Blum et al. 2006 ), and the rare RSGs and other evolved stars (Bonanos et al. 2010) . Present estimates disagree on the relative contributions from these different stellar classes to the injected mass budget of a galaxy (Tielens 2001) . Modeling of the evolved star SEDs measured in the SAGE-LMC survey has been successful both using empirical methods (Srinivasan et al. 2009 ) and radiative transfer calculations (Srinivasan et al. 2010; Sargent et al. 2011) . The results from SAGE-LMC work indicate the current mass loss in the LMC is comprised of 24% from each of the optically visible C-rich and O-rich groups (C-AGB, O-AGB), 14% from bright RSG stars, and 37% from extreme AGB (x-AGB) stars with a total dusty mass-loss return of about 0.7 × 10 −2 M ⊙ yr −1 . In the lower metallicity of the SMC, we find a higher fraction of C-rich stars (C-AGB and x-AGB stars: 35.8% in the SMC and 29.8% in the LMC) and hence a different distribution of mass-loss contributions over the classes of objects (Costa & Frogel 1996) . The SMC represents a crucial metallicity and the detailed evolved star work proposed here will provide strong constraints on dust production in the early universe. Figure 8 presents a preliminary look at the evolved stars seen in the SAGE-SMC observations. The different populations of AGB stars are shown, including an unidentified group of AGB stars that we call anomalous O-rich AGB stars (aO-AGB). The IR properties of these stars are similar to the O-AGB stars, but show slightly enhanced emission from 3.6 to 24 µm. These stars may be a dusty sub-population of O-rich AGB stars, or they might be S-type AGB stars. If the latter, then this will be the first time S-type AGB stars have been identified photometrically in the Magellanic Clouds. The evolved stars are explored in detail in the companion SAGE- SMC evolved stars paper (Boyer et al. 2011) and their mass loss properties will be discussed in a follow-up paper (Boyer et al. 2011 ).
Star Formation
The SMC offers a unique laboratory for studying tidally-driven star formation. It has been more profoundly affected by recent interactions than the LMC, both in terms of its overall morphology and star formation history. In addition, the SMC's low metallicity influences its ISM properties in ways that impact on the physics of star formation. The dust-to-gas ratio and molecular gas content are lower in the SMC than in the LMC or MW, and the UV radiation field is more pervasive. These differences likely lead to substantially altered star formation efficiencies, initial mass functions, clustering properties of newly-formed stars, and size and timescales for feedback and triggered star formation. Present day SMC star formation is concentrated in the Bar, Wing, and Tail regions. The Wing and Tail regions probe the most extreme star formation conditions, more strongly affected by tidal interactions and at even lower gas density than in the main body of the SMC. Both IR SEDs of unresolved Young Stellar Objects (YSOs) and the resolved behavior of HII/star formation regions give insight into the SMC star formation. 3 MC pathfinder of the inner 3 ⊓ ⊔ • of the SMC. This number is consistent with the few thousand high reliability YSOs discovered in the SAGE-LMC data (Whitney et al. 2008; Gruendl & Chu 2009 ) when the different survey areas are taken into account. The full SMC YSO population is being explored using the SAGE-SMC observations. Fig. 9 presents two color magnitude diagrams (CMDs) where the young objects are highlighted. The IR properties of previously known massive stars have been investigated by Bonanos et al. (2010) . YSO candidates from the SAGE-SMC observations are explored in detail in the companion SAGE-SMC YSO paper (Sewiĺo et al. 2011, in prep.) . The embedded star formation in the SMC Tail (Gordon et al. 2009 ) are explored in detail in Chen et al. (2011, in prep.) .
HII/Star Formation Regions
Prominent shell structures in both Magellanic Clouds suggest that feedback may play an important role in shaping the pattern of star formation (Muller et al. 2003; Hatzidimitriou et al. 2005) . Proper understanding of feedback timescales and mechanisms requires resolving HII regions and CO clouds in the IR at the few parsec scale. Of particular interest is to study the star formation in the low density environment of the Tail and how this affects the energy feedback into the ISM. Such an environment may be close to that expected at the highest redshifts.
The infrared SEDs of individual HII/star formation (SF) regions in the SMC (and LMC) reveal the heating of the surrounding dust and the impact of star formation on this dust. In Lawton et al. (2010) , the behavior of different monochromatic obscured star formation rate (SFR) Only sources which were detected at >5σ in all three bands are shown. All sources are displayed as Hess diagrams (grayscale). Overlaid are dusty objects color coded according to the legend. The O, early B, and Be/X-ray sources are from Bonanos et al. (2010) . YSO candidates from the S 3 MC survey (Bolatto et al. 2007 ) and studies of the individual star forming regions NGC 346 (Simon et al. 2007 ) and NGC 602 (Carlson et al. 2010 ) are also shown. indicators was compared to the total IR (TIR) SFR in the SMC and LMC using a small sample of regions in each galaxy. The 70 µm band was found to be the best monochromatic SFR indicator based on the constancy of the 70 µm/TIR flux ratio both within and between regions. Unlike the 70 µm/TIR ratio, the 8 µm/TIR ratio varied significantly from region to region and systematically between the LMC and SMC with the SMC showing a much lower 8 µm/TIR ratio. This is illustrated in Fig. 10 where the average SEDs of SF regions in the SMC and LMC are plotted. The companion SAGE-SMC star forming regions paper (Lawton et al. 2011, in prep.) will explore the SEDs of SF regions in more detail including a complete catalog of IR selected SF regions.
CONCLUSIONS/SUMMARY
The motivation of the SAGE-SMC Sptizer Legacy was to study the lifecycle of the dust in the SMC; from birth in the winds of evolved stars, migration from the diffuse to dense ISM, and use as shielding and fuel in the formation of stars. The SMC provides a unique laboratory for the study of the lifecycle of dust given its low metallicity and relative proximity. The SAGE-SMC Spitzer Legacy observed the full SMC from 3.6 to 160 µm using the IRAC and MIPS instruments. The region surveyed 30 ⊓ ⊔
• encompassing the SMC Body (Bar and Wing) and Tail (high-density portion of the Magellanic Bridge). The observations were carefully reduced and high quality mosaics and point source catalogs were produced. These data products are available from the Spitzer Science Center and IRSA Archive.
Initial results from the SAGE-SMC Legacy Team include finding that the gas-to-dust ratio in the SMC Tail region matches that of the SMC Body (Gordon et al. 2009 ), probing the detailed CO and dust structure of an SMC molecular cloud to confirm that CO is significantly dissociated at cloud edges (Leroy et al. 2009 ), studying the dust mass loss in the Galactic clusters NGC 362 (Boyer et al. 2009 ) and 47 Tuc (Boyer et al. 2010; McDonald et al. 2011) , investigating the best monochromatic obscured SFR indicator (Lawton et al. 2010) , studying the IR properties of known massive stars (Bonanos et al. 2010) , and a detailed investigation of the star formation in NGC 602 (Carlson et al. 2010) . A set of companion papers to this overview paper will investigate the interstellar dust (Bot et al. 2011, in prep.) , evolved stars (Boyer et al. 2011) , young stellar objects (Sewiĺo et al. 2011, in prep.) , and HII/star formation regions (Lawton et al. 2011, in prep.) . The launch of the Herschel Space Observatory has enabled the infrared dataset on the SMC (and LMC) to be extended in the submm through the HERITAGE Key Project (Meixner et al. 2010) . The future of Magellanic Clouds research in the infrared is very bright.
